Abstract Dissolved trace elements and physiochemical parameters were analyzed to investigate their physicochemical characteristics and identify their sources at 12 sampling sites of the Jinshui River in the South Qinling Mts., China from October 2006 to November 2008. The two-factor ANOVA indicated significant temporal variations of the dissolved Cu, Fe, Sr, Si, and V (p<0.001 or p<0.05). With the exception of Sr (p<0.001), no significant spatial variations were found. Distributions and concentrations of the dissolved trace elements displayed that dissolved Cu, Fe, Sr, Si, V, and Cr were originated from chemical weathering and leaching from the soil and bedrock. Dissolved Cu, Fe, Sr, As, and Si were also from anthropogenic inputs (farming and domestic effluents). Correlation and regression analysis showed that the chemical and physical processes of dissolved Cu was influenced by water temperature and dissolved oxygen (DO) to some degree. Dissolved Fe and Sr were affected by colloid destabilization or sedimentary inputs. Concentrations of dissolved Si were slightly controlled by biological uptake. Principal component analysis confirmed that Fe, Sr, and V resulted from domestic effluents, agricultural runoff, and confluence, whereas As, Cu, and Si were from agricultural activities, and Cr and Zn through natural processes. The research results provide a reference for ecological restoration and protection of the river environment in the Qinling Mts., China.
Introduction
Trace elements in the natural environment are one of the primary pollutants due to their toxicity, persistence, and bioaccumulation problems (Morales et al. 1999; Pekey et al. 2004 ). More specifically, the presences of dissolved trace elements in many rivers present a threat to human health on a global level. The source of dissolved trace elements in rivers may be natural and occurs through events such as rock weathering, water erosion, and surface runoff (Martin et al. 1993; Pekey et al. 2004) . Alternately, dissolved trace elements may originate from anthropogenic sources such as domestic sewage, agricultural runoff, industrial effluents, etc. (Caccia and Millero 2003; Mendiguchía et al. 2007 ).
There have been many studies that have investigated the geochemical processes of dissolved trace elements (Shiller and Boyle 1985, 1987; Neal et al. 1997; Zwolsman et al. 1997; Ramessur et al. 2001; Ravichandran 2003; Chaudry and Zwolsman 2008) as well as the sources of the pollution (Morales et al. 1999; Hatje et al. 2003; Pekey et al. 2004 ; Kuppusamy and Giridhar 2006; Mendiguchía et al. 2007; Zhou et al. 2007 ). These complex physicochemical processes are controlled by many factors, such as riverine input, precipitation, pH, temperature, oxygen, nutrients, chemical sorption-desorption, and (Zwolsman et al. 1997; Zhou et al. 2003; Caccia and Millero 2003; Hatje et al. 2003; Chaudry and Zwolsman 2008) , which determine the addition and removal of dissolved trace elements in the riverine systems. It is essential that we fully understand these processes in order to remediate the contamination of dissolved trace elements in rivers (Martin et al. 1993; Elbaz-Poulichet et al. 2006 ).
The Qinling Mts. form the boundary between the Yellow River and the Yangtze River basins and are a natural barrier between North and South China. The Han River, a major tributary of the Yangtze River, is the water source of the middle line of the south-to-north water diversion project in the South Qinling Mts. (Zhang et al. 2009 ). In recent years, the water quality of the Han River has deteriorated by dissolved trace elements and Fig. 1 The location and 12 sampling sites of the Jinshui River in the South Qingling Mts., China heavy metals due to increased economic development and the corresponding intensive human activities. This has been the subject of an environmental monitoring program for water and soil conservation in the Han River basin since 2004 (Zhang et al. 2009) . In this study, we chose a major tributary of the Han River, the Jinshui River, to further investigate the environmental effects of trace elements in this region. Specifically, this study aims to 1) investigate the spatiotemporal distributions and concentrations of dissolved trace elements, 2) recognize the relationships among dissolved trace elements and physicochemical parameters, and 3) identify the sources of the dissolved trace elements.
Materials and methods

Study area
The Jinshui River (33°16′-33°45′ N, 107°40′-108°10′ E) of the upper Han River is located in the South Qinling Mts. in Shaanxi Province of China. It drains an area of 730 km 2 with a total length of 87 km and includes four major tributaries, i.e., Xi River, Xindianzi River, Dong River, and Lvguan River ( The river basin is in a humid monsoon climate zone. The annual average temperature in the catchment is approximately 11.5°C, while the highest is 21.9°C in summer and the lowest −0.3°C in winter. The rainfall varies between 924 and 1240 mm per year, and most of the rainfall occurs from June to August. The soil types include paddy soil, yellow cinnamon soil, yellow brown soil, brown soil, and dark brown forest soil along elevational gradients.
The Jinshui River basin is a typical mountainous catchment in the South Qinling Mts. with intensive forest cover (96.4 % of the drainage area) (Shen et al. 2006) . Upstream of the river lies in the Foping National Nature Reserve, which with a forest cover of 97.47 %, has been established primarily for giant panda conservation. Forest and shrubland are the major land use types and arable land is scattered in the midstream of the river. Of the total populations of 19.21 thousand, 51.39 % of the total populations (19.21 thousand) and 94.06 % of the agricultural lands in the catchment are distributed in the lower reaches of the river, especially in Jinshui Town. However, no industrial activities exist in the basin.
Sampling
Water samplings have been conducted nine times between October 2006 and November 2008. Three of these samplings were carried out during the high-flow period (October 2006 , August 2007 , and August 2008 , three in the low-flow period (December 2006 , March 2007 , and March 2008 , and the other three in the mean-flow period (May and November 2007 and November 2008) . There were 12 sampling sites along the river (Fig. 1) , of which, sites 1-5, sites 6-9, and sites 10-12 are located in the upper, middle, and lower river, respectively. Site 10 is located close to Jinshui Town where there is a population of 9,837. Meanwhile, site 12 is the confluence of the two rivers between the Jinshui River and the Han River. Approximately, 108 water samples were obtained during the sampling periods.
Physicochemical parameters including water temperature (Temp), dissolved oxygen (DO), pH, total dissolved solids (TDS), and nitrate nitrogen (NO 3 -N) were measured in situ using multiparameter water quality monitoring instrument (YSI Incorporated, Yellow Springs, OH, USA). Calibration of sensors was performed before every survey. For analysis of dissolved trace elements and dissolved phosphate (DP), water samples were filtrated through cellulose nitrate membrane filters with pore size of 0.45 μm (Millipore, USA) and then stored for further analysis in acid-cleaned polyethylene bottles that were acidified to pH<2 with high-purity nitric acid.
Analytical methods
Dissolved trace elements and DP were quantified by inductively coupled plasma atomic emission spectrometer (ICP-AES) (IRIS Intrepid II XSP DUO, USA). Method accuracy and quality control were verified by triplicate analysis of standard reference material (SRM, SPEX CertiPrep, Inc., USA). A good agreement was observed between the data analyzed and those certified by the SRM (Table 1) . Concentrations of Cd, Co, Ni, Mo, and Mn were below the detection limits and not shown here. Thus, dissolved trace elements of As, Cu, Fe, Cr, Sr, Si, V, and Zn were selected for further analyses.
Statistical analysis
The two-factor ANOVAwas performed to examine the influence of different sampling sites and flow periods on dissolved trace elements, physicochemical parameters, and their interaction effects (Hatje et al. 2003; Mendiguchía et al. 2007 ). Normality and homogeneity of variances were evaluated using the one-sample Kolmogorov-Smirnov and Levene's tests, respectively. Logarithmic transformations were required for TDS, NO 3 -N, DP, As, Fe, Cr, and Sr. For abnormally distributed or unequal variance variables (p<0.05), the non-parametric Dunnett's test was used (Bu et al., 2010 (Bu et al., , 2014 . Multiple comparisons were conducted using Student-Newman-Keuls (SNK). Correlation and regression analyses were used to explore the relationships among the variables (Zhou et al. 2003) . In order to identify the sources of pollutants, principal component analysis (PCA) was operated by using Varimax Kaiser Normalization, only eigenvalues greater than or equal to 1 were considered as possible sources of variance (Kowalkowski et al. 2006 ). All statistical analyses were all performed by using SPSS 13.0.
Results and discussions
Spatiotemporal distributions and concentrations of the physicochemical parameters Spatiotemporal distributions of physicochemical parameters are plotted in Fig. 2 , and show no significant spatial However, none of the physicochemical parameters have interaction effects between different sampling sites and flow periods. Large changes in pH values (6.7-9.1) occur among the different sampling sites during the sampling periods. Mean concentrations of TDS at sites 10 (174.33±33.83 mg/l) and 12 (181.25±35.98 mg/l) are much higher than those in other sampling sites. The peak value of NO 3 -N (22.490 mg/l) appears at site 7 during the low-flow period, while the maximum mean concentration of NO 3 -N (3.753±5.593 mg/l) occurs at site 12. Dissolved phosphate displays the same trend as NO 3 -N at different sampling sites; however, its concentrations is highest at site 12 (0.113 mg/l) during mean-flow period.
Spatiotemporal distributions and concentrations of the dissolved trace elements
The spatiotemporal variations of dissolved trace elements are shown in Fig. 3 . Dissolved trace elements demonstrate no significant spatial patterns except in the case of Sr (p<0.001). However, dissolved Cu, Fe, Sr, Si, and V show significant temporal trends (p<0.001 or p<0.05; Table 2) , showing common origin from chemical weathering and leaching from the soil and bedrock. Dissolved Cu and Fe have much higher values in the low-flow period than in the meanflow and high-flow periods, with mean values of 15.6 and 117 μg/l, respectively. Additionally, dissolved Sr has a significant interaction effect (p<0.05) between different sampling sites and sampling periods, showing its multiple sources in the river. High mean concentrations of dissolved Si (7.05 ± 2.77 mg/l) and V (116±118 μg/l) are all found in high-flow period, indicating their some sources from soil erosion during rainy season ).
Dissolved trace elements still display some spatial characteristics although they have no significant spatial variations with the exception of Sr. Peak values of dissolved As and Si (22 μg/l and 11.24 mg/l) occur at sites 6 and 10, respectively. The results are due to anthropogenic inputs, such as farming crops and releasing domestic effluents (Mendiguchía et al. (Fig. 1) in the low-flow period, suggesting their common origin from anthropogenic sources (Martin et al. 1993; Kumaresan and Riyazuddin 2008) . Dissolved Cr, however, has the maximum (38 μg/l) at site 9 in the high-flow period, affected by soil erosion (Crosa et al. 2006) . During the three sampling periods, the maximum levels of dissolved V occur at site 12, revealing the hydrological and chemical differences may be due to the confluence of the Jinshui River and Han River (Ravichandran 2003) . The concentrations of dissolved Cu, Fe, Cr, and Zn (Fig. 3 ) are all below WHO recommendations (2004) for drinking water (2000, 2000, 50 , and 3000 μg/l for Cu, Fe, Cr, and Zn, respectively). Similarly, these concentrations with the exception of Fe, generally fall within the Chinese standards (2006) for drinking water (1000, 300, 50, and 1000 μg/l for Cu, Fe, Cr, and Zn, respectively). The concentrations of dissolved As in most sampling sites, have high values and are higher than 10 μg/l in the high-flow period, which exceed the WHO recommendations and Chinese standards for drinking water. Thus, the dissolved As may be introduced into the river by soil erosion in the rainy season (Crosa et al. 2006) . The mean concentrations of dissolved Sr from site 9 to site 12 exceed levels observed in sites 1-8 by one order of magnitude, indicating that the sources of Sr are not only from atmospheric and weathering endmembers but also from anthropogenic activities.
Relationships among dissolved trace elements, physicochemical parameters, and inorganic nutrients
Correlations between dissolved trace elements and physicochemical variables are presented in Table 3 . Dissolved Cu and V are significantly correlated with water temperature (p<0.01). This may suggest a temperature effect on a series of chemical and physical processes including adsorption (Fedoseyeva 1995; Shiller 1997) , formation of complexes, and ion exchange (Morales et al. 1999; Kuppusamy and Giridhar 2006) in the rivers. Dissolved Cu is also negatively correlated to DO (r=−0.454, p<0.01); thus, its concentrations may be determined by oxidation-reduction processes due to its oxidability (Hatje et al. 2003) . Since pH values in the river vary over a relatively large range, the dissolved trace elements do not show any significant pH-related change (Shiller and Boyle 1987; Shiller 1997) . Dissolved Fe and Sr are positively correlated to TDS concentrations (p<0.01), respectively. The correlations indicate that the dissolved trace elements in the Jinshui River are affected by colloid destabilization ) or sedimentary inputs (Shiller and Boyle 1985) . Dissolved Sr concentrations are strongly bound by TDS contents and linearly increase with them (r 2 =0.854, p<0.001; Fig. 4a ), suggesting a relationship of regulation effect.
The relationships among dissolved trace elements and nutrients are shown in Table 3 . Dissolved Cu and Fe are positively associated with concentrations of NO 3 -N (p<0.01) since they display similar temporal patterns with NO 3 -N (Figs. 2 and 3) , indicating part of the same sources from domestic effluents in low-flow period. Dissolved Cu also displays a quadratic trend with NO 3 -N (r 2 =0.392, p<0.001; Fig. 4b ). This could be explained by the influences of redox chemistry since nitrate is a fair measure of the redox condition in the river (anoxic) water column (Zwolsman et al. 1997 ). The inverse relationship between Si and NO 3 -N (p<0.01) indicates that Si is also possibly affected by biological uptake ), such as floating algae (Ramessur et al. 2001) , particularly by diatoms, since 194 taxa of benthic diatoms from 31 genera were identified in the upper Han River (Tan et al. 2013) .
Dissolved As and Cu have strong negative affiliations with the DP values (p<0.01). Additionally, they follow a quadratic decrease (r 2 =0.570, p<0.001; Fig. 4c ) and a cubic trend (r 2 = 0.613, p<0.001; Fig. 4d ) with DP, respectively, displaying removal trends for uptake of phytoplankton as substitutes for DP in the growing periods (Elbaz-Poulichet et al. 2006) , (Caccia and Millero 2003) . Dissolved As and Cu are significantly correlated (r=0.893, p<0.01) with each other (Table 3) , suggesting a common origin from anthropogenic sources (Kumaresan and Riyazuddin 2008) , such as agricultural activities. Most likely, dissolved Cu and Fe concentrations are determined by the local redox rate. However, the silicate input can change this condition, leading to the precipitation of Cu-Fe oxides (Elbaz-Poulichet et al. 2006) . Therefore, significant negative correlations are observed between the two elements and dissolved Si (p<0.01). Dissolved V is correlated to the studied trace elements of Cu, Cr, and Si (p<0.01; Table 3), which implies that these related elements are likely driven by similar hydrologic and geochemical processes (Neal et al. 1997; Zhou et al. 2003) . In addition, dissolved Zn demonstrates significant correlations with positive Cu and negative Cr (p<0.05; Table 3 ), since it is prone to be adsorbed and oxidized in rivers (Shiller and Boyle 1985) .
Source identification of the dissolved trace elements
PCA is carried out for dissolved trace elements in river water to explore their sources (Zhou et al. 2007 ). The Kaiser-Meyer-Olkin (KMO) and Bartlett's test of sphericity were used to detect the sampling adequacy and examine the validity of PCA. The results of KMO and Bartlett's test were 0.198 and 60.229 (df=28, p<0.01), respectively, implying that PCA would be effective in reducing dimensionality. Four principal components (PCs) were extracted (eigenvalues >1), explaining 88.39 % of the total variance. Afterwards, four varifactors (VFs) were obtained by the four rotated PCs.
In order to identify the source apportionment, the scores of sampling sites and loadings of variables associated with VF1 and VF2 were plotted on a plane graph (Fig. 5) . The sampling sites could be divided into three groups which are consistent with the four VFs. The first group is correlated with sampling Fig. 5 Plane graph on scores of sampling sites and loadings of variables defined by the first two rotated factors (S1~12 represents sampling sites 1~12) Fig. 4 a-d Regression analyses of TDS with dissolved Sr and nutrient elements with dissolved Cu and As sites 10 and 12, located in the lower reaches of the river. The relevant variables in the first group are Fe, Sr, and V, which may originate from domestic effluents, agricultural runoff, and confluence with the Han River. The second group includes sites 2 and 6, corresponding to As, Cu, and Si, confirming their anthropogenic sources due to agricultural activities. Sites 1, 3-5, 7-9, and 11 comprise the third group, where the observed levels of dissolved Cr and Zn are from natural sources, such as erosion and weathering of rock (Martin et al. 1993 ).
Conclusions
Dissolved Cu, Fe, Sr, Si, and V display significant temporal trends rather than spatial patterns in the Jinshui River, with an exception of dissolved Sr. Additionally, the relationships between the dissolved trace elements and associated parameters demonstrate their chemical and physical processes. Furthermore, four groups of source apportionment are identified, reflecting origins from anthropogenic (domestic effluents, agricultural runoff, and confluence with the Han River) and natural (erosion and weathering) sources. The analytical results for the Jinshui River provide an important basis for the ecological restoration and protection of the river system in the South Qinling Mts. Moreover, this study provides useful information on the hydrology and water quality of river environment for the middle line of the south-to-north water diversion project.
